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Spec t r a  of pro tons  emi t t ed  i n t o  t h e  backward e v o l u t i o n  of t h e  va lue  of R wi th  i n c r e a s i n g  energy.  A 
hemisphere i n  co inc idence  wi th  two f i s s i o n  f ragments  v a l u e  of R = 1 i n d i c a t e s  t h a t  t h e  observed pro tons  come 
were measured i n  t h e  64, 129, 200, 270 MeV 3 ~ e  + 2 3 8 ~  predominant ly  from complete f u s i o n  events .  Values of 
r e a c t i o n .  The angu l a r  c o r r e l a t i o n  between two f i s s i o n  R < 1 i n d i c a t e  t h a t  some non-equil ibrium emiss ion  has  
f ragments  was used t c  c a l c u l a t e  momentum d e p o s i t i o n  i n  occurred  p r i o r  t o  f i s s i o n ,  i n  a d d i t i o n  t o  t h e  pro ton  
t h e  r e s i d u a l  nuc leus .  The expe r imen t a l  s e t u p  has been one observes .  The va lue  of R=l a t  E/A = 22MeV shows, 
de sc r i bed  p r ev ious ly .  A low p r e s s u r e ,  x-y pos i t i on -  t h a t  c e n t r a l  c o l l i s i o n s  a r e  t h e  main source  of observed 
s e n s i t i v e  wire  chamber was used t o  d e t e c t  one f i s s i o n  p ro ton  y i e l d s  a t  t h i s  energy. The dec r ea se  of R wi th  
t h e  p r o j e c t i o n  of t h e  e j e c t i l e  momentum on t h e  beam EL, (MeV) 
fragment,  whi le  t h e  second fragment was d e t e c t e d  i n  a  
a x i s ,  and <p l l> reco i l  i s  t h e  p r o j e c t i o n  of t h e  r e c o i l  
F igu re  1. Energy s p e c t r a  of pro tons  emi t t ed  a t  
momentum of t h e  beam d i r e c t i o n .  F igu re  1 shows t h e  150 LAB co inc idence  w i th  two f i s s i o n  fragments.  
p o s i t i o n - s e n s i t i v e  s u r f a c e - b a r r i e r  d e t e c t o r .  P ro tons  
were d e t e c t e d  i n  t h e  t e l e s c o p e  c o n s i s t i n g  of a  400pm 
s u r f a c e - b a r r i e r  s i l i c o n  d e t e c t o r  AE element and a  Na-I E  
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d e t e c t o r .  The t e l e s c o p e  was p o s i t i o n e d  i n  t h e  range of 
+*+\ 
- 
ang l e s  140'-160' (LAB). 
At a l l  f o u r  ene rg i e s  s u b s t a n t i a l  y i e l d s  of 
e n e r g e t i c  pro tons  were found (Fig .  1 )  which cannot be 
exp l a ined  by evapo ra t i on  from f u l l y  e q u i l i b r a t e d  
\ T=8 .4  MeV 
compound n u c l e i .  The o r i g i n  of t h e s e  e n e r g e t i c  
emiss ions  remains unknown. Based on t h e  pro ton  energy 
and d i r e c t i o n ,  and on t h e  measured momentum d e p o s i t i o n  
i n  t h e  t a r g e t  r e s i due ,  a  momentum balance  f a c t o r  R was 
c a l c u l a t e d  
<P I I > ~  j e c t i l e  + <P 11)recoil  R = ......................... 
Po 
Here Po denotes  t h e  i n c i d e n t  beam momentum, <p >e ject ile 0 10 20 30 40 50 
i n c r e a s i n g  bombarding energy  (Fig .  1 )  sugges t s ,  t h a t  
some f r a c t i o n  of t h e  c r o s s  s e c t i o n  f o r  c e n t r a l  
c o l l i s i o n s  does not  l e a d  t o  t h e  f u l l  momentum and 
energy d e p o s i t i o n  when bombarding energy i n c r e a s e s .  It 
has  been p r ev ious ly  observed2 t h a t  i n  t h e  r e a c t i o n  of 
150 MeV 6 ~ i  with  a  2 3 8 ~  t a r g e t ,  e n e r g e t i c  pro tons  i n  
t h e  backward hemisphere a r e  a s s o c i a t e d  wi th  t h e  
complete momentum d e p o s i t i o n  i n  t h e  composite system. 
Comparing 150-MeV 6 ~ i  + 2 3 8 ~  r e a c t i o n  w i th  130 MeV 3 ~ e  
+ 2 3 8 ~  one can conclude t h a t  t h e  i n c i d e n t  energy per  
nucleon seems t o  be t h e  most r e l e v a n t  v a r i a b l e  wi th  
which one can d e s c r i b e  energy  and momentum l o s s  i n  
c e n t r a l  c o l l i s i o n s .  
F i n a l l y ,  "apparent  t empe ra tu r e s "  were c a l c u l a t e d  
f o r  a l l  p ro ton  s p e c t r a ,  u s ing  a  Maxwellian d i s t r i b u t i o n  
N(E) a fi exp(-EIT) 
F igu re  1 shows t h e  tempera ture  va lue s  t h a t  were 
obta ined .  It is i n t e r e s t i n g  t o  n o t i c e  t h a t  t h e  
"apparent  tempera ture"  s a t u r a t e s  when t h e  bombarding 
energy i n c r e a s e s  p a s t  40 MeV/u. This  i s  c o n s i s t e n t  
w i th  t h e  observed s a t u r a t i o n  and subsequent  dec r ea se  i n  
momentum and energy d e p o s i t i o n  i n  t h e  t a r g e t  nuc leus  
n e a r  t h i s  energy.  
I n  summary, t h e  e v o l u t i o n  i n  t h e  ave r age  momentum 
and energy  d e p o s i t i o n  i n  c e n t r a l  c o l l i s i o n s  was 
i n v e s t i g a t e d .  It is sugges t ed ,  t h a t  f o r  t h e  i n c i d e n t  
energy  E > 40 MeV/u t h e  p r o b a b i l i t y  of complete f u s i o n  
i n  c e n t r a l  c o l l i s i o n s  dec r ea se s  w i th  i n c r e a s i n g  
bombarding energy.  S ince  t h e  i n c i d e n t  energy pe r  
nuc leon ,  r a t h e r  t han  t h e  t o t a l  i n c i d e n t  energy ,  seems 
t o  be t h e  r e l e v a n t  v a r i a b l e  i n  d e s c r i b i n g  t h e  l i m i t  t o  
f u s i o n  i n  c e n t r a l  c o l l i s i o n s ,  one can expect  impor tan t  
l i m i t a t i o n s  on tempera tures  ( o r  t o t a l  e x c i t a t i o n  
e n e r g i e s )  a t t a i n a b l e  i n  c o l l i s i o n s  induced by complex 
n u c l e i  around 40 MeV/nucleon. 
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